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Investigations  of  the  mechanism  of  fibrinolysis  through  evaluations  of  the  role 
of  enzymes  and  enzyme  Inhibitors.  Specifically  studies  were  made  utilizing  the 
enzyme  rlbonuclease  to  Inhibit  the  lysis  of  fibrin  clots  (bovine  and  human)  by 
bovine  and/or  human  plasmln  (fibrinolysis). 

It  has  been  found  that  the  optimum  pH  range  for  effective  Inhibition  of  plasmln 
by  rlbonuclease  Is  from  8-9.  Increases  In  temperature  were  found  to  increase 
plasmln  activity  but  tend  to  reduce  the  Inhibitory  action  of  rlbonuclease  on 
plasmln  activity. 

Data  obtained  indicates  that  lysis  of  a  fibrin  clot  by  plasmln  occurs  In  two 
steps:  (a)  depolymerization  of  the  fibrin  clot  and  (b)  subsequent  hydrolysis 
of  the  depo I ymer I z I ed  fibrin  to  amino  acids.  Both  steps  are  inhibited  ly 
rlbonuclease  via  a  plasmln  -  rlbonuclease  complex  not  Involving  the  moiety  of 
the  rlbonuclease  molecule  Involved  in  ribonucleic  acid  degradation.  Moreover 
It  was  found  that  dilute  acid  hydrolysis  of  bovine  pancreatic  rlbonuclease 
results  in  a  loss  of  the  nuclease  activity  of  rlbonuclease  but  not  Its  antl- 
piasmin  activity. 

Studies  made  on  the  role  of  heparin  and  rlbonuclease  in  fibrinolysis  Indicate  that 
heparin  inhibits  the  antiplasmln  activity  of  rlbonuclease.  In  addition  It  has 
been  observed  that  bovine  pancreatic  rlbonuclease  will  Inhibit  the  1 1 qu I  fact  Ion 
of  fibrin  clots  In  vitro  by  heparin  in  low  concentration  (1-10  NIH  units)  in 
the  absence  of  plasmln. 

No  other  components  of  the  fibrinolytic  system  studied  were  observed  to  possess 
rlbonuclease  activity. 

The  data  obtained  are  discussed  in  terms  of  the  mechanism  of  fibrinolysis  and 
the  roles  and  functions  of  rlbonuclease  and  heparin. 
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INTRODUCTION 


Based  on  observations  made  In  this  laboratory  that  bovine  pancreatic  ribonu- 
clease  will  Inhibit  In  vitro  the  dissolution  of  bovine  and  human  fibrin  clots 
by  plasmin  of  either  human  or  bovine  origin  Investigations  directed  toward 
elucldaTlon  of  the  mechanism  by  which  plasmin  If Ibrlnolysln)  hydrolyzes  fibrin 
clots  were  made. 

The  Initial  stages  of  this  program  required  modification  of  existing  assay 
techniques  for  assessing  fibrinolytic  activity.  As  a  result  a  tube  test-method 
was  developed  and  adopted  as  the  method  of  assaying  for  fibrinolytic  activity 
to  replace  the  time  consuming  and  expensive  fibrin  plate  method  of  Astrup  and 
Mullertz  (I).  This  report  describes  this  method  and  Its  subsequent  usage  In 
studying  the  effects  of  temperature,  pH,  varying  concentrations  of  enzymes, 
substrates,  and  Inhibitors,  etc.  on  the  fibrinolytic  process  in  the  presence 
and  absence  of  ribonuclease  and  other  known  inhibitors  of  fibrinolysis. 

In  addition  and  in  order  to  gain  insight  in  general  Into  the  mechanism  by 
which  fibrinolysis  occurs  and  specifically  Into  the  role  of  ribonuclease  In 
the  fibrinolytic  mechanism  a  special  four-way  program  of  investigation  was 
undertaken.  One  series  of  studies  was  designed  to  ascertain  whether  any  of 
the  components  of  the  fibrinolytic  system  utilized  in  our  work  possessed 
ribonuclease  activity,  per  se,  as  manifested  through  depolymerization  of 
ribonucleic  acid. 

Simultaneously  investigations  were  made  to  elucidate  the  means  by  which  bovine 
pancreatic  ribonuclease  inhibited  the  depolymerization  and  subsequent  hydrolysis 
of  bovine  fibrin  clots  by  both  human  and  bovine  plasmins.  Concurrently  and  in 
order  to  assist  in  pin-pointing  the  exact  function  of  ribonuclease  In  the  fibrin¬ 
olytic  system  experiments  were  performed  in  which  the  role  of  heparin,  reported 
inhibitor  of  ribonuclease  enzyme  activity,  was  ascertained  with  respect  to  Its 
relationship  to  ribonuclease  and  the  fibrinolytic  system. 

The  fourth  part  of  the  general  research  plan  designed  to  evolve  knowledge  as 
to  the  mechanism  of  fibrinolysis  revolved  around  the  question  posed  regarding 
the  requirement  of  the  ribonuclease  molecule  in  toto  for  ant (plasmin  activity. 

The  methodology  used,  results  obtained,  and  conclusion  to  be  derived  from  this 
research  program  with  respect  to  evolving  the  mechanism  of  fibrinolysis  and  the 
specific  function  of  ribonuclease  from  the  period  from  November  1961  through 
April  1964  are  presented  in  the  following  pages  of  this  report. 


TEST  TUBE  ASSAY  METHOD 


A  method  was  developed  for  studying  the  fibrinolytic  system  which  could  be 
carried  out  In  test  tubes  and  with  extreme  accuracy,  precision,  and  repro¬ 
ducibility.  Mrreover  the  assay  could  be  conducted  In  total  volume  of  1.0 
ml  and  utilized  only  5  mgs  of  fibrinogen  and  microgram  quantities  of  enzyme 
and/or  Inhibitors.  This  method  as  described  below  is  being  used  now  In  all 
studies  and  was  used  In  the  investigations  as  reported  herein. 

I  -  Description  of  test  tube  method 

To  a  10  x  75  mm  test  tube  Is  added  o.6  ml  of  0.0036  mm  veronal  buffer 
at  desired  pH  (0.6570  gms  diethylbarblturlc  acid/liter  of  .9%  saline). 

Next  is  added  0,1  cc  of  fibrinogen  solution  (5  mg  of  fibrinogen,  bovine 
or  human,  per  0.1  ml  of  veronal  buffer).  This  is  followed  by  0.1  ml  of 
Inhibitor  dissolved  in  veronal  buffer  or  0.1  ml  buffer  alone  If  no 
inhibitor  Is  being  used.  Next  0.1  ml  of  veronal  buffer  containing  the 
desired  concentration  of  plasmin  is  added.  Finally  0.1  ml  of  thrombin 
dissolved  in  veronal  buffer  (10  N!H  units/0.1  ml)  Is  added.  The  contents 
of  the  tube  are  mixed  after  the  addition  of  each  solution.  Immediately 
after  addition  of  the  thrombin  the  tubes  are  mixed  and  allowed  to  stand 
for  1-2  minutes  until  a  fibrin  clot  forms.  The  assay  tube  is  then  in¬ 
cubated  under  any  desired  condition  of  temperature  in  a  water  bath  until 
the  fibrin  clot  has  become  completely  liquified  (lysed).  The  time  of 
complete  I Iqul f leaf  ion  (lysis)  is  recorded  as  the  lysis  time.  If  lysis 
does  not  occur  In  24  hours  the  enzyme  under  Investigation  is  considered 
to  be  non-fibrinolytlc  In  activity. 

Utilizing  this  method  inhibitory  action  of  bovine  ribonuclease  In  an 
all  bovine  fibrinolytic  system  was  assessed.  All  these  studies  were 
made  at  pH  7.8  and  37.0°C.  The  results  of  these  assays  have  been 
summarized  in  Table  I  and  II.  Table  I  presents  data  obtained  with 
varying  amounts  of  plasmin  and  no  added  ribonuclease.  Table  II  shows 
the  average  results  of  replicate  assays  in  which  the  concentration  of 
ribonuclease  was  varied  and  the  concentration  of  plasmin  kept  constant 
at  100  micrograms. 
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Lysis  time  of Bovine  Plasmln 
at 

pH  7.8  and  37.0°  C 


Concentration  of  plasmln  Lysis  time 

In  In 

microarams  ml nutes 

”  50  13.0  ““ 

100  8.0 

200  6.0 

500  5.0 

1000  3.5 


mui 

Lysis  Time  of  Bovine  Plasmln  +  Bovine  Ribonuclease 

at 

_ pH  7.8  and  37.5°  C _ 

Concentration  Inmicroqrams  Lvsls  time  In  minutes 


asmi  n 

Ribonuclease 

100 

0 

8.0 

100 

50 

9r5 

100 

100 

U.O 

100 

200 

120.0 

100 

500 

No  Lysis 

100 

1.000 

No  Lysis 

2  -  Studies  on  inhibition  of  plasmin  by  ribonuclease 

(a)  Temperature  and  pH  effects. 

A  series  of  experiments  were  conducted  to  determine  the  effect 
of  temperature  and  pH  on  the  Inhibition  of  plasmin  activity 
bVUT Ibonuc lease.  In  these  experiments  the  plasmin  was  use 
af  a  constant  concentration  of  200  micrograms  and  the  ribonuclease 
concentration  used  was  kept  constant  at  1000  micrograms  thus 
maintaining  the  minimum  inhibitory  ratio  of  ribonuclease  to 
plasmln  at  5:1.  The  test  tube  assay  method  previously  described 
was  used  and  lift  all  bovine  fibrinolytic  system  was  studied. 
Temperature  and  pH  were  varied.  The  results  of  these  experi¬ 
ments  »re  graphically  depicted  In  Figure  I. 

(b)  Mode  of  action  of  ribonuclease  Inhibition  of  plasmln 

|n  another  series  of  studies  experiments  were  carried  out  utiliz¬ 
ing  the  test  tube  assay  method  to  determine  the  mode  of  ribo¬ 
nuclease  inhibition  of  plasmin.  These  investigations  were 
made  to  ascertain  which  component  of  the  fibrinolytic  system 
wvas  affected  by  if fbonuc lease  directly  and  resulting  in  the  in¬ 
hibition  of  the  lysis  of  a  fibrin  clot  by  plasmln.  In  the 
first  series  of  experiments  varying  amounts  of  bovine  ribonu- 
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clease  dissofved  in  0.1  mo  of  0.0036  m  veronal  buffer  pH  7.8 
was  added  to  0.1  mj  of  veronal  buffer  10,0036  rn  -  pH  7.8) 
containing  5  mg  bovfne  fibrinogen  in  10  x75  mm  test  tubes. 

The  tubes  containing  the  mixtures  of  ribonuclease  and  fibrinogen 
were  then  incubated  at  37,0°  C  for  30  minutes  In  a  water  bath. 


Following  Incubation  0.1  ml  veronal  buffer  containing  50y 
of  bovine  plasrfiln,  0,6  ml  veronal  buffer,  and  0.1  ml  thrombin 
(10  NIH  units)  were  added  to  each  tube  and  a  fibrin  clot  allowed 
to  form.  The  tubes  were  then  Incubated  at  37.0°  C  and  the  time 
of  lysis  recorded. 

In  a  second  series  of  experiments  50y  amounts  of  plasmln  were 
Incubated  for  30  minutes  at  37°  C  with  varying  amounts  of  ribonu¬ 
clease  prior  to  the  formation  of  the  fibrin  clot  and  subsequent 
Incubation  of  the  clot  system  at  37°  C, 

In  the  third  set  of  experiment  50y  amounts  of  plasmln  and  5 

mg  amounts  of  fibrinogen  were  Incubated  together  for  30  minutes  prior 

fibrin  clot  with  thrombin,  and  Incubation  of  the  clot  system 

at  37°  C,  The  results  of  these  studies  are  jmmarlzed  In  Table  ill. 

mmi 


No  Lysis 


1500  No  Lysis  No  Lysis  No  Lysis 

3000  No  Lysis  No  Lysis  No  Lysis 


Key: 

(1)  Prel ncubat Ion  of  Ribonuclease  and  Fibrinogen  at  37°  C  for  30 
ml nutes. 

(2)  rreincubation  of  Ribonuclease  and  plasmln  (50y)  at.^37^(2i  fiop^ii 
30  ml nutes* 

(3)  Prel ncubat Ion  of  plasmln  (50y)  and  fibrinogen  (5mg)  at  37°  C 
for  30  ml nutes. 


(c)  Comparison  of  Inhibitors  of  plasmln. 

In  another  series  of  experiments  utilizing  the  test  tube  dilution 
method  the  ability  of  epsilon  amino  caprolc  acid  and  deoxyribonu¬ 
clease  to  inhibit  bovine  plasmln  activity  were  evaluated.  All 
experiments  »ere  made  at  37,5°  C  and  at  pH  7.8.  |n  these 
experiments  a  constant  amount  of  bovine  plasmln  (200\f)  was  used 
and  the  concentration  of  the  Inhibitors  varied.  The  results 
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of  these  «x,*or  i.'.ents  have  been  sir jr i zed  in  Tuole  IV. 


IAo,y£  jy 

Inhibition  of  PI  asm  In  by  E-amlno  Caprolc  Acid  and  Deoxyribonuclease 


at 

dH  7.8  and 

37°  C 

Concentration  of 

Lvsls 

t  tme  1 n  ml  notes 

1 nh i b 1 ror  1 n 
m 1 croqrams 

Deoxvr i bonuc lease 

E-am  I  no  Capitf  i  c  Ac  i  i 

0 

5 

5 

50 

5 

5 

100 

5 

15 

200 

5 

30 

500 

5 

45 

1000 

5 

80 

5 

No  Lysis 

INVESTIGATION  of  the  ribonuclease  activity  of  the  fibrinolytic  system 


The  various  component  biological  materials  comprising  the  fibrinolytic  system 
used  In  our  work  were  evaluated  for  ribonuclease  activity.  Evaluations  were 
carried  out  according  to  the  method  of  Anfinsen,  et,  al,  (2)  as  described  by 
Glick  (3).  Ribonuclease  determinations  were  made  at  pH  5,  7.8  and  8.6,  Systems 
studied  were  bovine  plasmin,  bovine  ribonuclease,  bovine  plasmln  +  bovine 
ribonuclease,  bovine  trypsin,  pancreatin  (hog),  human  plasmln,  and  human 
plasmin  +  bovine  ribonuclease. 

The  procedures  employed  In  this  phase  of  the  research  effort  were  as  follow: 

To  1.0  ml  of  substrate  solution  dissolved  in  appropriate  buffer  (0.1 
m  acetate  buffer,  pH  5.0  or  0.1  m  veronal  buffer,  pH  7.8  and  pH  8.6) 

Is  added  1.5  ml  of  appropriate  buffer  solution  containing  the  enzymes  to 
be  evaluated  In  concentrations  from  0-14  mg.  The  substrate  utilized 
Is  an  0.85  solution  of  purified  yeast  ribonucleic  acid  in  the  desired 
buffer.  The  solution  of  enzyme  and  substrate  is  allowed  to  Incubate 
for  25  minutes  al  25*C.  All  solutions  are  equilibrated  at  25*C  prior 
to  use.  At  the  end  of  the  Incubation  period  0.5  ml  of  precipitating 
reagent  (0.75%  uranyl  acetate  In  25%  perchloric  acid)  Is  added  to  the 
solution  of  enzyme  end  substrate  to  stop  the  reaction.  The  precipitate 
Is  removed  by  centrifugation.  Then  0.1  ml  of  the  supernatant  fluid  Is 
added  to  3.0  ml  of  doubly  disti  I  led  water  and  the  solution  read  at  260  m(i 
In  the  spectrophotometer.  Correction  is  made  for  the  reagent  blank 
measured  by  the  same  procedure  but  without  enzyme. 

Since  the  purpose  of  this  phase  of  the  study  was  to'  determine  if  the  other 
components  in  the  fibrinolytic  system  under  Investigation  possess  ribonuclease 
activity  to  any  degree  and  If  plasmin  inhibits  ribonuclease  activity,  no  attempt 
was  made  to  assess  the  data  In  terms  of  units  of  rlbonuciease  activity.  As  a 
results  the  data  given  In  the  table  below,  the  results  of  triplicale  assays, 
show  ribonuclease  activity  as  transmittance.  Since  the  nature  of  this  assay 
measures  the  product  of  ultra  violet  absorbing  low  molecular  nucleotide 
derivatives  from  digestion  of  ribonucleic  acid  by  ribonuclease  less  trans¬ 
mittance  of  ultra  violet  light  will  occur  with  increased  digestion  of  ribo¬ 
nucleic  acid.  The  results  of  this  work  are  shown  in  Table  V. 


TABLE  V 


Measurement  of  Rlbonuclease  Activity 


Enzvma  Svstam 

Enzyme 

Concentration 

(Microarams) 

%  Transmission 
(260  Mp) 
oH  5.0  dH  7.8 

i 

pH  8.6 

A.  Bovina  Piaanln  +  Bovina  Fibrin 

Ribonuclassa'  5 

47.0 

33.0 

52.0 

Plaamln2 

5 

100.0 

90.0 

100.0 

Plaamln  +  Rlbonuctaaaa 

(10  :  1) 

50s5 

43.0 

28.2 

40.0 

Plasmin  +  Ribonuclassa 

(1  :  1) 

5:5 

50.0 

24.0 

56.0 

Plaamln  +  Ribonuclassa 

(1  :  101 

0.5:5 

49.0 

28.0 

40.0 

8.  Human  Plaamln  +  Bovina  Fibrin 


Ribonuclassa^ 

5 

17.0 

13.5 

31.0 

Plasmin* 

50 

86.0 

80.0 

77.5 

Plasmin  +  Ribonuclassa 
(10  :  1) 

50:5 

17.0 

16.6 

24.3 

Plasmin  +  Ribonuclassa 
(1  :  1) 

5:5 

21.0 

19.3 

23.7 

Plaamln  +  Rtbonuc lease 
(1  :  10) 

0.5:5 

22.9 

20.6 

25.4 

C.  Trypsin 

5 

100.00 

100.00 

IOC. 00 

D.  Pancreatin  (NF) 

5 

100.00 

100.00 

100.00 

'Bovina  pancraatic  rlbonuctaaaa  -  Armour  and  C©.,  Chicago,  Illinois 
28ovlne  p Jasmin  -  Parka  -  Oavls  and  Co.,  Datroit,  Michigan 
^Bovina  ribonuclassa  -  Wilson  and  Co.,  Chicago,  Illinois 
4Huawn  plasmin  (thrombolysln)  -  Marck  Inatltuta  for  Therapeutical  Rerearch, 
Waat  Point,  Pennsylvania 
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INHIBITION  OF  HYDROLYSIS  OF  FIBRIN  BY  PLASMIN  USING  R IBONUCLEASE 

In  another  phase  of  the  research  program  studies  have  been  Initiated  to  Invest¬ 
igate  the  ability  of  rlbonuclease  to  prevent  the  hydrolysis  of  fibrin  by  plasmln. 
The  end  point  of  such  evaluation  Is  the  production  of  amino  acids  resulting  from 
plasmln  hydrolysis  of  fibrin.  In  this  work,  utilizing  an  all  bovine  system, 
plasmln  is  mixed  with  fibrin  ana  the  concentrat Ion  of  amino  acids  liberated  by 
plasmln  hydrolysis  of  fibrin  In  the  presence  and  absence  of  rlbonuclease  Is 
determined. 

The  methods  of  assay  used  and  the  results  obtained  to  date  are  as  follows: 

A  -  Rlbonuclease  +  Bovine  Plasmln  +  Bovine  Fibrin 

To  0.7  cc  of  veronal  buffer  CO. 0036  M)  at  the  desired  pH  in  a  test  tube 
are  added  0.1  cc  of  bovine  fibrinogen  (5  mg/0. I  ml)  in  physiological  saline, 
0,1  ml  of  bovine  plasmln  (lOOY/O.I  ml)  In  physiological  saline  and  0.1  ml  of 
thrombin  (100  NIH  units/0.1  ml)  in  physiological  saline.  The  final  molarity 
of  the  versonal  buffer  Is  0.0025.  The  contents  of  the  tube  are  allowed  to  clot 
(approximately  30  seconds)  and  then  the  tubes  are  placed  In  a  water  bath  at 
37°C.  The  tubes  are  then  observed  until  the  fibrin  cloth  becomes  completely 
liquified.  At  this  t  me,  referred  to  as  "lysis"  time,  0.1  ml  of  a  physiological 
saline  solution  of  rlbonuclease  (I000Y/0. I  ml)  Is  added  to  the  tube.  The 
contents  of  the  tube  are  thoroughly  mixed  and  0.2  ml  of  the  mixture  Is  immediately 
withdrawn  and  assayed  for  total  amino  acids  according  to  the  method  of  Troll 
and  Cannon  (4)  as  modified  by  Taber  (5)  and  adapted  for  our  investigations. 

At  intervals  of  3  hours  and  24  hours  following  the  addition  of  the  Inhibitor 
0.2  ml  aliquots  are  removed  from  the  tubes  and  assayed  for  total  amino  acid 
concentration. 

The  results  of  these  investigations  have  been  summarized  in  Figure  II 

B  -  Rlbonuclease  +  Human  Plasmin  +  Bovine  Fibrin 
For  this  phase  of  these  studies  certain  modifications  of  the  assay  procedure 
described  In  Part  A  were  made. 

These  are  as  follows: 

1  -  Use  of  phosphate  buffer  (0.03  ADO  systems  for  enzyme  hydrolyses  rather 
than  barbituric  acid  buffers.  The  molarity  and  ionic  strength  of  the 
phosphate  buffer  used  were  comparable  to  that  of  the  Veronal  buffer. 

2  -  Reduction  of  the  concentration  of  bovine  pancreatic  rlbonuclease 

utilized  from  I000Y  per  1 00 Y  of  bovine  plasmin  to  5Q0Y  per  ! 00Y  with  human 

plasmln.  Investigations  showed  that  the  purer  the  rlbonuclease  used  the 

ratio  of  rlbonuclease  to  plasmin  required  for  complete  inhibition  of  the 
lysis  of  fibrin  clots  by  plasmin  decreased  from  10:1  to  5:1. 

3  -  Utilization  of  the  Coleman  Spectrophotometer  rather  than  the  Klett- 
Summerson  Colorimeter. 

All  other  conditions  of  assay  remained  constant  as  described  In  Part  A. 

The  results  obtained  In  work  with  human  plasmin  and  rlbonuclease  are  presented 

in  Figure  I IA. 
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Total  Amino  Acid  Production"  (in  Klett  Units)  Resulting  From, 
The  Hyd rolys  is  of  Bovine  Fibrin  by  Bovine  Plasmin  at  37°  1 


7.0  7.4  7.8 
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STUDIES  ON  THE  ROLE  OF  HEPARIN  AND  RIBONUCLEASE  IN  FIBRINOLYSIS 

Early  studies  made  In  our  laboratories  on  the  mechanism  of  fibrinolysis  In  vitro 
have  shown  bovine  pancreatic  rtbonuclease  to  Inhibit  the  depolymerlzat Ion  of 
bovine  and  human  fibrin  clots  by  either  bovine  or  human  pi  asm in  (f tbrinolysln). 

Since  heparin  has  been  reported  by  many  Investigators  to  inhibit  rtbonuclease 
In  vitro  and  In  vivo,  (heparin  inhibition  of  cell  division)  and  because  of  the 
use  of  ribonuclease  for  the  determination  of  the  heparin  content  of  serum  as 
reported  by  Lorenze  (6),  In  I960,  we  became  Interested  In  the  relationship  of 
heparin  and  ribonuclease  In  fibrinolysis.  Our  Interest  was  further  stimulated 
by  the  work  of  Gaertner  and  Liesiewicz  (7),  who  tested  the  Influence  of  ribonuclease 
on  the  activation  of  thrombin  and  the  antlthrombln  efficacy  of  heparin.  These 
investigators  reported  that  pancreatic  ribonuclease  Inhibited  the  specific 
antithrombin  and  anticoagulant  activity  of  heparin,  indicating  a  possible  comple¬ 
mentary  reaction  between  ribonuclease  and  heparin  in  the  clotting  mechanism. 

In  view  of  our  previous  investigations  of  fibrinolysis  end  its  inhibition  by 
pancreatic  ribonuclease  and  the  reported  role  of  ribonuclease  and  heparin  In 
the  clotting  mechanism,  we  undertook  a  study  of  the  heparin  -  ribonuclease 
Interrelationship  in  fibrinolysis.  This  papet  presents  the  results  of  these 
investigations. 
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Methods 


All  Invest } gat  tons  were  made  In  vitro  utilizing  bovine  fibrin  as  a  substrate 
for  plasmin.  Bovine  fibrin  clot  assay  system  was  prepar*  J  by  dissolving  in  test 
tubes  5  mg.  of  bovine  fibrinogen  in  0.0275M  saline  phosphate  buffer  at  the 
desired  pH,  adding  5  NIH  units  of  bovine  thrombin  dissolved  in  0.0275M  saline 
phosphate  buffer,  and  allowing  the  mixture  of  fibrinogen  and  thrombin  to  clot. 

The  total  volume  of  this  v«jssay  system  was  1.0  ml. 

Our  studies  were  carried  out  in  two  parts.  In  the  first  phase  we  investigated 
the  role  of  heparin  In  effecting  the  lysis  of  bovine  f!brln  clots.  In  these 
studies  heparin  sodium  was  added  to  bovine  fibrinogen  in  amounts  from  I  to  1000 
NIH  units  prior  to  the  addition  of  thrombin.  Immediately  following  the  addition 
of  heparin  to  bovine  fibrinogen  thrombin  was  added  and  the  tubes  allowed  to 
stand  until  a  clot  formed  (approximately  one  to  five  minutes).  The  tubes  were 
then  incubated  In  a  water  bath  for  24  hours  at  37.56C  until  the  fibrin  clot 
became  completely  liquefied  (lysed).  The  time  of  complete  liquefaction  was 
recorded  as  "lysis  time."  Partial  liquefaction  of  a  fibrin  clot  in  24  hours 
was  considered  an  Incomplete  lysis  and  recorded  as  non-lysed  fibrin.  Any 
lysis  or  liquefaction  occurring  within  24  hours  was  considered  significant. 

Assays  were  performed  at  pH’s  7.0,  7.4,  7.8,  and  9.0  in  order  to  ascertain  the 
influence  of  pH  on  the  ability  of  heparin  to  induce  lysis  of  a  fibrin  clot. 

The  results  of  these  studies  indicated  that  concentrations  of  one  to  ten  units 
of  heparin  caused  the  liquefaction  of  the  fibrin  clots  in  our  system  at  pH’s 
7.4  and  7.8.  Lysis  of  the  fibrin  clots  was  not  observed  at  any  other  concentration 
of  heparin.  Control  clots,  without  heparin,  did  not  autolyse  it  liquefy  at 
any  of  the  pH’s  studied. 

Addition  of  50  to  I00Y  of  bovine  ribonuclease  inhibited  the  lytic  activity  of 
heparin  obtained  at  pH  7.4  and  pH  7.8.  In  this  regard  It  is  interesting  to  note 
that  it  required  I00Y  of  ribonuclease  to  inhibit  the  lytic  activity  attributed 
to  heparin  at  pH  7.8  and  only  SOY  of  ribonuclease  at  pH  7.4.  This  Is  especially 
significant  in  view  of  the  fact  that  the  reported  Isoelectric  pH  of  ribonuclease 
activity  in  depolymer izing  nucleic  acids. 

Moreover,  the  addition  of  heparin  to  our  test  system  did  not  interfere  with  the 
clotting  of  fibrinoqen  indicating,  in  accord  with  the  concepts  of  many  Investi¬ 
gations,  that  the  ant icoagu I atory  activity  Af  heparin  is  instrumental  only  in 
the  prevention  of  the  prothromb in-thromb in  conversion. 

The  second  phase  of  our  experimental  Investigation  was  concerned  with  obtaining 
more  specific  information  about  the  mechanism  of  the  ribonuc I  ease-heparin 
interrelationship  in  fibrinolysis.  In  these  studies  the  effects  or  actions  of 
heparin  on  plasmin  and  plasmin  and  ribonuclease  were  determined.  Four  different 
experiments  were  performed.  In  the  first  series,  the  effect  of  varying  con¬ 
centration  of  heparin  on  plasmin  activity  was  ascertained.  The  second  series 
of  studies  was  made  to  determine  if  heparin  could  reverse  the  inhibition  of 
plasmin  activity  by  ribonuclease  as  previously  observed  in  our  laboratories. 
Experimental  Series  3  and  4  were  conducted  to  find  out  whether  heparin's 
effects  in  the  fibrinolytic  system  were  via  complexes  with  ribonuclease  or  plasmin. 
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In  the  third  group  or  series  of  experiments  varying  concentrations  of  heparin 
were  preincubated  with  a  fixed  concentration  of  r Ibonuclease,  known  to  Inhibit 
plasmln  activity,  prior  to  the  addition  of  plasmln.  in  the  final  experiments 
plasmin  was  preincubated  with  varying  concentrations  of  heparin  prior  to  the 
addition  of  an  Inh'bitory  concentration  of  r ibonuclease. 

In  all  instances  the  fibrin  clot  assay  described  earlier  was  used  as  the  test 
system  with  the  time  of  complete  liquefaction  or  lysis  of  the  fibrin  clot  as 
the  end  point.  All  enzyme  Incubations  were  carried  out  at  37.5*C  for  24  hours. 

As  in  Initial  studies  made  with  heparin  and  fibrin,  lysis  occurring  within  24 
hours  was  considered  sign! f leant.  Prelncubat ions  of  heparin  and  ribonuclease 
and  heparin  and  plasmln  were  made  at  37.5°C  for  30  minutes  before  addition  to 
the  assay  system.  In  all  of  these  Investigations  100  micrograms  of  human 
plasmin,  activated  by  streptokinase,  were  used.  In  experiments  with  r Ibonuclease 
the  concentration  of  this  enzyme  used  was  50  micrograms. 

Experiments  In  this  part  of  our  Investigation  were  also  conducted  at  pH's 
7.0,  7.4,  7.8  and  9.0. 

The  results  obtained  in  these  studies  have  been  summarized  for  each  pH  used 
and  are  presented  In  the  attached  tables. 

Figure  3  shows  the  data  obtained  In  studies  made  at  pH  7.0.  As  can  be  noted, 
heparin  exerts  no  effect  on  plasmln  activity  at  any  of  the  concentrations  of 
heparin  used.  Lysis  of  fibrin  clots  in  this  system  occurs  within  30  to  60 
minutes  following  incubation  at  37.5°C.  As  can  be  noted  In  Curve  No.  2, 
however,  the  addition  of  50Y  of  ribonuclease  Inhibits  lysis  for  six  hours  with  a 
gradual  increase  in  lysis  time  as  the  concentration  of  heparin  Increases.  It 
Is  Interesting  to  note  that  even  at  concentrations  of  200  NIH  units  of  heparin 
the  inhibitory  effect  of  ribonuclease  is  still  evident.  From  the  studies  made 
in  which  ribonuclease  was  preincubated  with  heparin  (Curve  No.  3)  it  can  be 
seen  that  lew  concentrations  of  heparin  enhance  the  Inhibitory  activity  of 
ribonuclease.  Incubating  heparin  with  plasmln  at  pH  7.0  prior  to  the  addition 
of  ribonuclease  (Curve  No.  4)  decreases  the  fibrinolytic  activity  of  plasmin 
possibly  by  the  formation  of  a  hepar In-p I  asm! n  complex  resulting  In  more 
effective  inhibition  of  plasmin  by  ribonuclease. 

Figure  4  presents  the  data  obtained  with  studies  made  at  the  physiological  pH 
of  7.4.  As  was  obtained  in  the  investigations  made  at  pH  7.0  and  In  subsequent 
studies  made  at  other  pH's,  heparin  exerts  no  effect.  Inhibiting  or  activating, 
on  plasmin  activity  (Curve  No,  I).  However,  at  this  pH  it  requires  more  heparin 
to  prevent  ribonuclease  from  Inhibiting  plasmin  activity  (approximately  50 
units  as  compared  to  20  units  at  pH  7.0)  as  evidenced  from  examination  of  the 
curves.  Prelncubat tng  heparin  with  ribonuclease  results  In  complete  removal  of 
the  inhibition  of  plasmin  by  ribonuclease  (Curve  No.  3),  whereas  preincubating 
heparin  with  plasmin  allows  for  more  effective  ribonuclease  inhibition  of 
plasmin  activity  as  found  at  Ph  7.0, 

Figure  5  presents  the  data  obtained  with  studies  made  at  pH  7.8.  In  these 
studies  data  similar  to  that  of  other  pH's  was  obtained  with  the  noteworthy 
exception  that  ribonuclease  activity  as  an  inhibitor  of  plasmln  Is  greatly 


diminished.  This  could  possibly  be  attributed  to  the  fact  that  rtbonuclease 
Is  at  Its  Isoelectric  pH  and  consequently  less  effective  because  Its  net  charge 
structure  Is  neutral.  Otherwise,  the  data  Is  similar  to  that  obtained  at  pH 
7.4. 

Data  for  studies  made  at  pH  9.0  are  given  In  Figure  6.  In  all  Instances  data 
at  this  pH  was  similar  to  that  obtained  at  pH's  7.4  and  7.8.  However,  with 
preincubation  of  heparin  and  plasmln,  ribonuclease  was  found  to  be  almost 
as  effective  In  Inhibiting  plasmln  activity  with  low  concentrations  of  heparin 
present  as  was  observed  at  pH  7.0.  This  again  suggests  the  Importance  of  molecular 
structure,  especially  In  relation  to  "charge"  distribution  and  patterns. 
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Investigation  of  Degraded  Rl bonuc luease  on  Plasmln  Activity 

Investigations  were  Initiated  to  ascertain  If  the  ant  Ip  I  asm! n  activity  of 
rlbonuclease  wss  a  function  of  the  Intact  rlbonuclease  or  a  specific  amino  acid 
grouping  or  active  center  In  rlbonuclease.  Our  approach  In  this  part  of  our 
research  was  to  determine  the  effects  of  mild  acid  hydrolysis  on  rlbonuclease 
from  both  the  point  of  view  of  Its  enzyme  function  In  depolymer  I  zing  yeast 
nucleic  acids  and  Its  antlplasmin  activity. 

Acid  hydrolysis  was  accomplished  by  a  modification  of  the  method  of  Gordon, 
et.  al .  (8),  who  refluxed  protein  successfully  with  6N  hydrochloric  acid  up  to 
70  hours.  We  conducted  the  refluxing  In  the  autoclave  at  I20°C  and  15  pounds 
pressure. 

In  preliminary  experiments  10  mg.  quantities  of  bovine  pancreatic  rlbonuclease 
were  hydrolyzed  In  10  ml.  of  6N  hydrochloric  acid  In  sealed  test  tubes  In  the 
autoclave  for  periods  of  20  minutes,  90  minutes,  and  120  minutes.  Following 
hydrolysis  the  hydrolysises  were  evaporated  to  dryness  by  boiling.  The  residue 
obtained  was  then  diluted  with  I  ml .  of  physiological  saline  to  give  a  theoretical 
concentration  of  residue  equivalent  to  IOOOY  of  rlbonuclease  per  milliliter  of 
saline.  Aliquots  of  0.1  (IOOOY  of  hydrolyzed  rlbonuclease)  and  0.2  (2000Y 
of  hydrolyzed  rlbonuclease)  ml.  of  the  saline  solution  of  the  hydrolyzed 
rlbonuclease  were  then  assayed  for  antlplasmin  activity  usin’  human  plasmln  (I00Y) 
as  the  fibrinolytic  enzyme.  The.  method  of  assay  for  fibrinolytic  activity  was 
based  on  the  time  required  for  complete  liquefaction  of  a  fibrin  clot,  as 
described  In  our  first  progress  report,  using  a  phosphate  buffer  system. 

The  data  obtained  from  these  studies  showed  that  all  of  the  hydrolysates 
prepared  and  tested  contained  no  antlplasmin  activity. 

Based  on  the  work  of  Zollner,  et.  aj.,  <9),  who  showed  that  hydrolysis  of 
rlbonculease  In  the  presence  of  heparin  by  boiling  In  I/60N  hydrochloric  acid 
at  80°C  for  30  minutes  destroyed  heparin  but  did  not  cause  the  loss  of  rlbonu¬ 
clease  activity,  we  undertook  a  concentration  study  of  the  hydrochloric  acid 
hydrolysis  of  rlbonuclease.  In  these  Investigations  10  mg.  amounts  of  bovine 
pancreatic  rlbonuclease  were  hydrolyzed  by  autoclaving  for  15  minutes  with 
varying  concentrations  of  hydrochloric  acid  rangl-ng  from  5N  to  O.OIN.  Following 
hydrolysis  the  hydrolysates  were  evaporated  to  dryness  by  boiling  and  dessicating 
under  vacuum.  The  residue  hydrolysates  were  then  dissolved  in  physiological 
saline  and  assayed  for  antlplasmin  activity  at  pH  7.4  using  the  fibrin  clot 
lysis  method.  The  residue  hydrolysates  were  assayed  for  rlbonuclease  activity 
at  pH's  5.0  and  7.4  by  methods  previously  described  and  used  In  our  research 
(Section  A  of  this  report). 

The  results  of  these  studies  are  summarized  In  Tables  VI  and  VII.  Table  VI 
presents  the  data  obtained  when  the  hydrolysates  were  assessed  for  antlplasmin 
activity.  Table  VII  presents  the  data  obtained  when  the  hydrolysates  were 
assayed  for  rlbonuclease  activity. 
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Human  PI  (IOOY)  + 
Hydrolyaata  CIOOOY) 

Human  PI  (IOOY)  + 
Hydrolyaata  (2000V) 


Antiolaamln  Activity  of  Hvdrolvaataa 
>f  Acid  Hvdrolviad  Bovina  Pancraatlc  R I bonuc I aaaa 


Hvdrolvaataa  From 
0.9N  0.  IN  0.075N  0.05N 

HCI _ HCI  HCl _ HCI 

Tima  of  Lvait  In  Minutaa 


No 


O.OIN 

HCI 


Control 
IOOY  PI 


20 

20 

20 

25 

60 
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12 

No 
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60 

60 

60 

60 

1200 
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Lyala 
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Hydrolyaataa 

From 

I  .ON  HCI 

0.5N  HCI 

0.  IN  HCI 

0.075N  HCI 

0.05N  HCI 

O.OIN  HCI 

0.009N  HCI 

O.OON  HCI 

Rlbonuclaaaa  Control- 
not  autoclavad 


Concantrat ion  of 
_  Hydrolyaata 
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>H  5.0 


I0Y 

100 

100 

I0Y 

100 

100 

I0Y 

100 

100 

I0Y 

100 

100 

I0Y 

100 

85 

IOY 

100 

Not 

Datanatnad 

IOY 

100 

Not 

Datarmtnad 

IOY 

80 

45 

IOY 

50 

23 

The  data  from  Table  VI  Indicates  that  hydrolysis  of  rlbonuclease  In  hydrochloric 
acid  of  more  than  0.075  normality  resulted  In  almost  complete  loss  of  the 
antlplasmln  activity  of  the  rlbonuclease.  This  Is  of  particular  significance 
when  considered  together  with  the  fact  that  regardless  of  the  normality  of 
hydrochloric  acid  used  to  hydrolyze  rlbonuclease  the  enzymatic  activity  of 
rlbonuclease  was  destroyed  (Table  VII).  It  Is  Interesting  to  note  that  when 
rlbonuclease  was  autoclaved  without  any  hydrochloric  acid  only  80%  of  Its 
activity  was  lost;  however.  Its  ability  to  Inhibit  plasmln  activity  was  retained 
although  diminished. 

In  view  of  these  observations  the  hydrolysates  obtained  In  these  Investigations 
were  examined  chromatograph  leal ly  to  determine  the  differences  between  hydroly¬ 
sates  In  terms  of  amino  aclf'>  liberated  from  the  rlbonuclease  molecule.  The 
hydrolysates  were  analyzed  by  paper  chromatographic  techniques  using  a  Butanol- 
acetic  acid-water  (78-17-5)  mobile  phase.  The  components  of  the  hydrolysates 
were  allowed  to  separate  for  a  period  of  48  hours.  At  the  end  of  this  time 
the  amino  acids  were  developed  using  nlnhydrtn  In  butanol  as  the  color-devel¬ 
oping  agent. 

The  results  of  these  preliminary  chromatograph Ic  separations  revealed  the 
presence  of  six  distinct  amino  acids  or  peptide  fractions  in  rlbonuclease 
hydrolysates  obtained  with  IN  and  5N  hydrochloric  acid.  Only  one  amino  acid 
or  peptide  fraction  was  obtained  from  hydrolysates  prepared  by  autoclaving 
rlbonuclease  in  O.IN,  0.075N,  0.05N,  0.0IN,  or  0.005N  hydrochloric  acid. 

This  data  strongly  suggests  that  the  loss  of  the  antlplasmln  activity  of  rlbo¬ 
nuclease  obtained  with  the  IN  and  5N  hydrochloric  acid  hydrolysis  centers 
around  the  five  as  yet  unidentified  amino  acids  or  peptide  fractions  obtained. 
Hydrolysis  by  the  methods  we  used  resulted  In  the  loss  of  rlbonuclease  activity 
with  apparent  distinct  formation  of  a  single  peptide  or  amino  acid  fraction. 

From  this  data  we  have  gained  knowledge  suggesting  that  the  enzyme  activity  of 
rlbonuclease  and  Its  antlplasmln  activity  are  due  to  different  centers  or 
entities  inherent  In  the  molecule. 
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DISCUSSION  AND  SUMMARY 


The  ability  of  bovine  rlbonuclease  to  Inhibit  bovine  and/or  human  plasmln 
activity  has  been  demonstrated  In  vitro.  It  was  observed  In  this  regard 
that  temperature  and  pH  Influence  the  nature  and  rate  of  enzyme-lnhlbi tor 
substrate  complex.  As  the  temperature  Is  Increased  the  rate  of  enzyme 
degredatlon  of  a  fibrin  clot  by  plasmln  Increases.  However  In  the  presence 
of  rlbonuclease  a  shift  in  temperature  function  occurs  and  the  optimal 
temperature  for  Inhibition  of  plasmln  activity  by  rlbonuclease  appears  to 
be  37°C.  A Moreover  It  Is  noted  that  for  both  the  plasmln  and  the  plasmln  + 
rlbonuclease  systems  the  pH  for  optimal  enzyme  activity  appears  to  be  pH  8. 
However  Inhibition  of  plasmln  activity  by  rlbonuclease  Is  functional  at  all 
pH  levels  evaluated  with  complete  Inhibition  being  obtained  at  pH  8  when 
SOOT  of  rlbonuclease  Is  added  to  1 00 if  of  plasmln. 

The  mode  of  action  of  rlbonuclease  Inhibition  of  plasmln  was  studied  and  It 
was  found  that  the  Inhibition  of  plasmln  by  rlbonuclease  appears  to  be 
primarily  through  the  function  of  an  enzyme  (plasmln)  rlbonuclease  complex 
In  an  apparent  stofchimetr 1c  relationship. 

Investigations  of  the  Inhibition  of  plasmln  by  E-amino  caprolc  acid  and 
Deoxyribonuclease  indicate  the  ability  of  E-amino  caproic  acid  to  Inhibit 
lysis  of  fibrin  clots  by  ribonuclease  whereas  no  .Inhibition  of  plasmln 
activity  was  exhibited  by  deoxyribonuclease  at  concentrations  of  deoxy¬ 
ribonuclease  to  pi  asm  in  as  high  as  1000:1. 

In  a  separate  investigation  experiments  were  made  to  determine  if  other 
component  biological  substances  of  the  fibrinolytic  system  possessed 
rlbonuclease  activity.  In  addition  trypsin  and  pancreatln  (NF)  were  also 
assessed  for  rlbonuclease  activity.  The  results  of  these  studies  (Table  V) 
indicated  that  neither  bovine  plasmln,  trypsin  or  pancreatin  exhibit  rlbo¬ 
nuclease  activity.  Human  pi  asm  in  did,  however,  evoke  some  depolymerization 
of  yeast  nucleic  acid  at  all  pH»s  evaluated.  It  was  also  observed  that 
although  r 1 bonuc I  ease  wi I  I  Inhibit  plasmln  activity  In  the  dissolution  of  a 
fibrin  clot  as  much  as  10  times  more  plasmln  than  rlbonuclease  does  not 
inhibit  rlbonuclease  activity  significantly  In  depo I ymerz Jng  yeast  nucleic 
acid. 

However  It  Is  Interesting  to  note  that  at  pH  5.0  and  pH  8.6  there  Is  a 
slight  decrease  In  rlbonuclease  enzyme  activity  In  the  presence  of  plasmln. 

Moreover  the  Inhibition  of  rlbonuclease  by  plasmln  occurs  at  pH  values  on 
either  side  of  the  pH  reported  to  be  the  Isoelectric  point  for  rlbonuclease, 
as  well  as  the  optimum  pH  for  rlbonuclease  activity,  pH  7.7  -  7.8  (2).  Of 
extreme  Interest  In  this  regard  Is  the  fact  that  whereas  the  apparent  optimum 
pH  for  rlbonuclease  Inhibition  of  flbrlnolystn  Is  approximately  pH  8.0  no 
inhibition  of  rlbonuclease  activity  by  plasmln  Is  observed  at  this  pH; 
consequently,  suggesting  that  rlbonuclease  functions  In  the  Inhibition  of 
fibrinolysis  activity  through  a  reaction  between  as  specific  molecular 
configuration  Inherent  In  rlbonuclease  and  a  specific  active  center  on  plasml 
Wi  tti  regard  to  the  lack  of  rlbonuclease  activity  In  pancreatln.  The  fact 
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that  pancreatln  does  not  contain  rlbonuclease  could  be  explained  through  two 
possibilities;  namely,  rlbonuclease  has  been  removed  from  the  pancreatln  In 
the  processes  used  to  prepare  this  product  or  the  rlbonuclease  Is  bound  to 
other  components  of  pancreatln  and  Is  not  available  for  assay  by  the  pro¬ 
cedure  used  to  assess  rlbonuclease  activity.  The  finding  that  pancreatln 
do"s  not  posses  rlbonuclease  activity  Is  especially  significant  when  considered 
with  the  fact  that  pancreatln  does  have  fibrinolytic  activity  that  can  be 
Inhibited  by  rlbonuclease.  Trypsin  the  major  protoe  lytic  enzyme  component 
of  pancreatic  juice  and  pancreatln  has  never  been  demonstrated  to  have 
ribonuclease  activity,  a  fact  confirmed  In  our  work. 

In  addition  examination  of  the  data  obtained  In  these  studies  Indicated  that 
plasmin  of  human  origin  does  not  possess  rlbonuclease  activity  In  spite  of 
the  observation  that  human  plasmin  appears  to  cause  some  depolymer Izatlon 
of  yeast  nucleic  acid.  This  can  possibly  be  attributed  to  the  fact  that 
human  plasmin  Is  the  activated  form  of  plasminogen  -  the  preparation  used  being 
activated  with  streptokinase  -  streptodornase  (deoxyribonuclease)  -  and  thaf 
the  activator  may  have  caused  some  depolymer Jzat Ion  of  ribonucleic  acid. 

In  further  support  of  this  contention  Is  the  observation  made  for  both  the 
bovine  and  human  plasmin  systems  that  the  presence  of  plasmin  apparently 
enhances  the  activity  of  rlbonuclease,  especially  at  pH's  7.8  and  8.6.  The 
fact  that  such  phenomena  do  not  occur  to  any  appreciable  extent  at  pH  5.0 
suggests  the  possibility  that  molecular  charge  distribution  patterns  are  of 
extreme  Importance  In  the  p I  asm! n-r l bonuc lease  complex. 

At  pH  7.8  rlbonuclease  Is  at  Its  Isoelectric  point  and  also  at  the  pH 
reported  to  be  optimal  for  pancreatic  rlbonuclease  enzyme  activity.  Our 
data  confirms  the  latter  concept.  At  pH's  higher  or  lower  than  the  rlbonuclease 
Isoelectric  pH  of  7.8  Its  activity  as  an  enzyme  decreases.  The  function  of 
plasmin  In  promoting  rlbonuclease  activity,  however,  appears  to  be  greater 
at  pH's  above  the  Isoelectric  pH  of  7.8  (8.6),  suggesting  a  molecular  com¬ 
bination  of  plasmin  and  ribonuclease  through  negatively  charged  bonds  of  a 
specific  nature.  This  contention  Infers  the  presence  of  active  centers 
similar  in  molecular  configuration  on  either  plasmin  or  ribonuclease  or  both 
required  fer  Inherent  and  purported  enzyme  activities  as  well  as  for  the 
antiplasmfn  activity  of  rlbonuclease.  Atoreover,  It  Is  Interesting  to  note 
that  the  ratio  of  plasmin  to  rlbonuclease  Is  Important  In  terms  of  rlbonuclease 
activity.  This  Is  especially  reflected  In  studies  with  human  plasmin  where 
It  can  be  observed  that  apparently  with  reduction  of  the  concentration  of 
plasmin  relative  to  the  concen trat ion  of  rlbonuclease  some  Inhibition  of 
rlbonuclease  activity  by  plasmin  Is  obtained.  This  data  again  suggests  a 
specific  molecular  combination  of  plasmin  and  rlbonuclease  Involving  active 
centers  for  enzyme  activity. 

In  the  all-bovine  system  the  effect  of  varying  concentrations  of  bovine 
plasmin  on  rlbonuclease  activity  Is  not  as  clear.  The  ratio  of  plasmin 
to  rlbonuclease  necessary  to  Inhibit  plasmin  activity  Is  In  the  relationship 
of  one  to  one  and  more  effective  at  pH's  5.0  and  8.6.  This  again  points 
out  the  role  of  electrostatic  bonding  between  rlbonuclease  and  plasmin. 

Finally,  the  question  of  species  specificity  In  relation  to  plasmin  - 
rlbonuclease  Interaction  Is  In  part  answered  through  these  Investigations. 
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There  appears  to  be  no  species  specificity.  Bovine  and  human  ptasmlns  are 
capable  of  Interacting  with  bovine  rlbonuc lease.  Whether  this  phenomenon 
Is  characteristic  of  bovine  and  human  plasmlns  can  only  be  determined  by 
additional  studies  using  plasmln  and  rlbonuclease  from  other  animal  species 
and  other  tissues. 

Examination  of  the  data  In  Figures  II  and  I  I A  shows  that  bovine  rlbonuclease 
Inhibits  the  hydrolysis  of  fibrin  by  bovine  and/or  human  plasmlns  over  a 
wide  pH  range. 

However,  the  Inhibitory  effect  of  rlbonuclease  Is  minimized  at  pH  8.0,  the 
Isoelectric  pH  for  rlbonuclease  but  also  the  pH  at  which  the  lysis  (depoly- 
merlzatlon)  of  a  fibrin  clot  by  plasmln  Is  most  effectively  prevented  by 
rlbonuclease.  This  would  Imply  that  plasmln  has  at  least  two  active  centers 
possibly  Involved  In  Its  ability  to  react  with  fibrin.  One  of  these  would  be 
concerned  with  the  depolymer Izat Jon  of  a  fibrin  clot  and  the  other  with  the 
subsequent  hydrolysis  of  the  depo I ymer I  zed  fibrin  clot.  These  centers  are 
most  easily  affected  by  changes  In  pH  which  would  alter  the  charge  distri¬ 
bution  of  the  various  components  of  the  fibrinolytic  system.  This  concept  Is 
supported  by  the  fact  that  rlbonuclease  effectively  inhibits  hydrolysis  of 
fibrin  by  plasmln  at  pH's  of  7  or  lower.  Moreover,  this  Is  especially 
significant  when  It  Is  considered  with  the  observations  made  that  plasmln 
will  exert  an  Inhibitory  effect  on  rlbonuclease  activity  at  pH  5  and  9,  more 
effective  at  pH  5  and  pH  9,  but  not  at  pH  8.0;  again  upholding  the  concept 
of  more  than  one  active  center  for  the  plasmln  -  rlbonuclease  complex  In 
terms  of  the  activities  of  each  enzyme.  This  we  feel  Is  of  particular 
Importance  from  the  point  of  view  of  one  enzyme  Inhibiting  another  enzyme 
by  apparent  non-enzymat Ic  processes.  That  the  relationship  of  plasmln  to 
rlbonuclease  In  fibrinolysis  Is  rather  specific  and  non-enzymat Ic  Is  further 
supported  by  the  observation  that  the  ratio  of  rlbonuclease  to  plasmln  In 
preventing  the  dissolution  of  fibrin  clot  by  plasmln  has  been  found  to  be 
In  the  order  of  5-10:1,  and  quite  constant. 

One  additional  observation  of  extreme  importance  Is  that  obtained  by  comparing 
d3ta  at  3  hours  with  that  of  24  hours.  Mo st  striking  Is  the  fact  that  the 
total  amino  acid  concen f rat  ion  of  the  24  hour  samples  of  bovine  plasmln  + 
ribonuciease  is  significally  lower  at  pH's  of  5,  6,  and  7  than  that  observed 
for  the  same  system  at  3  hours.  No  explanation  Is  available  at  this  time. 

This  finding  Is  particularly  significant  when  compared  to  the  plasmln  data 
which  follows  a  predictable  course  In  terms  of  hydrolysis,  24  hour  con¬ 
centrations  of  amino  acids  being  sign! float ly  elevated  over  the  levels 
ootalned  at  3  hours. 

Examination  of  the  data  obtained  In  these  studies  (Figure  IIA)  reveal  that 
bovine  pancreatic  ribonuciease  Inhibits  the  hydrolysis  of  fibrin  by  human 
plasmln  over  a  wide  pH  range. 

The  one  noteworthy  difference  between  data  obtained  with  human  plasmln  and 
that  obtained  with  bovine  plasmln  Is  the  pH  at  which  optimal  activity  was 
obtained.  With  bovine  plasmln  the  pH  for  optimal  activity  of  plasmln  appeared 
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to  be  7.8  -  8.0,  while  that  for  human  plasmln  Is  7.4. 

It  Is  also  of  Interest  to  note  In  this  respect  tnat  although  rlbonuclease 
Inhibits  human  plasmln  activity  even  In  the  presence  of  rlbonuclease, 
optimal  enzyme  activity  for  plasmln  Is  still  found  at  pH  7.4.  Similar  results 
were  obtained  with  bovine  plasmln.  This,  In  our  opinion,  Is  of  extreme 
significance  because  the  optimal  pH  for  Inhibition  of  the  depolymerization 
of  fibrin  Is  approximately  7.8.  One  possible  Interpretation  of  such  data  Is 
that  there  Is  more  than  one  active  center  concerned  In  the  function  and 
activity  of  plasmln:  one  concerned  with  depofymerlzatlon  of  a  fibrin  clot 
and  the  other  with  hydrolysis  of  depo lymer Ized  fibrin. 

Of  equal  Importance  In  these  Investigations  Is  the  observation  that  there 
Is  an  apparent  lack  of  specificity  with  respect  to  the  plasmln  system  used. 
Both  bovine  and  human  plasmln  are  Inhibited  by  bovine  pancreatic  rlbonuclease. 
Investigations  with  other  r I bonu Iceases  would  help  resolve  this  area  of 
Interest. 

If  species  specificity  Is  not  a  factor  In  terms  of  the  fibrinolytic  system 
and  Its  function  In  card lovascu I ar  physiology,  then  a  major  breakthrough 
In  the  realm  of  the  basic  phenomenon  of  blood  clotting  Islniminent. 

I"  summary  and  conclusion  we  have  observed  that  heparin  in  low  concentration 
jne  to  ten  units)  Induces  liquefaction  of  fibrin  clots  at  pH  7.4  and  7.8, 
which  can  be  Inhibited  by  rlbonuclease.  This  observation  Indicates  that 
heparin  might  be  acting  as  an  "enzyme"  or  may  effect  the  dissolution  of 
fibrin  by  molecular  Interaction.  Further  studies  would  have  to  be  made  to 
determine  t tie  exact  mode  of  action  of  heparin  on  fibrin  clots,  especially 
In  terms  of  dectab I  I izai Ion  vs.  stabilization  as  has  been  purported  by 
Csaba  (10)  to  be  the  role  of  heparin  in  the  sol-gel  changes  occurring  in 
blood  clotting. 

Our  studies  -^Iso  indicate  that  the  ant  i  f  ibr  i  no  lyt  ic  activity  of  rlbonuclease 
can  be  inhibited  by  heparin.  The  pH  studies  suggest  that  the  Inhibition  of 
the  effect  of  r i bonce I  ease  on  plasmin  by  heparin  revolves  around  molecular 
structure  and  charge  configuration.  At  pH's  on  either  side  of  the  iso¬ 
electric  fnt  of  rlbonuclease,  inhibition  by  heparin  was  more  pronounced, 
althoug  ..eparin  still  was  effective  in  inhibiting  the  ant  I f Ibr i no  I y t ic 
activity  of  ribonuclease  at  the  isoelectric  pH  of  rlbonuclease,  7.8. 

All  components  of  our  test  system  -  fibrin,  heparin,  and  rlbonuclease  -  are 
highly  chargee  molecules.  Heparin's  electronegative  charge  Is  the  basis 
for  anticoagulant  action  and  the  means  of  entering  enzymes  In  the  clotting 
mechanism.  The  possibility  of  heparin  changing  the  e I ectrocharges  of  the 
fibrin  clot  shot. Id  also  be  considered.  This  electrical  Imbalance  could  be 
reversed  by  r itonuclease's  positive  charges  present  at  pH's  lower  than  the 
isoe'ectrlc  pH,  and  Its  negative  load  at  pH's  more  alkaline  than  the  iso¬ 
electric  pH,  being  of  least  fc-ce  at  the  Isoelectric  point  of  ribonuclease. 

Moreover,  our  data  suggests  that  heparin  enjoys  a  dual  function  In  the 
fibrinolytic  system:  complexing  with  plasmin  on  the  one  hand  and  with 
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rlbonuclease,  and  effective  Inhibitor  of  plasmln,  on  the  other.  This  Infers 
the  possibility  of  a  related  structural  configuration  between  plasmln, 
heparin,  and  r Ibonuclease.  Further  Investigations  will  have  to  be  undertaken 
to  elucidate  these  findings. 

Hydrolysis  of  rlbonuclease  by  hydrochloric  (IN  and  5N)  acid  results  In  the 
liberation  of  six  distinct  amino  acid  or  peptide  fractions.  The  loss  of 
these  entitles  of  the  rlbonuclease  moiety  results  In  a  decrease  In  the 
ability  of  rlbonuclease  to  Inhibit  plasmln  and  loss  of  rlbonuclease  enzyme 
act Ivl ty. 
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